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(54> A Mrthodfor milling casing and drilling formation using a dual function drill bit 

(57) A dual function drag bit 1 1 is used in a method for both milling well casing 40 or liner and subsequently 
Kino rode forrnS 1 41 vSthout the sequential removal of a milling assembly and replacement with a drilling . 
a semb y S S cutting'too. that is capable of both milling steel pipe casing in a well tore and 
suS^^^^ rock formation outside the well bore after passing through the casing, n one embody 

b£^lt%un 3) designed for embedding into the surface of a cutting tool 1 1 compnse at least an outer ^ayer 
S Sgu e 3) 9 such as cemented tungsten carbide, capable of milling steel and at least a second * u " 
3?sSh as ^crystalline diamond , capable of drilling formation, the two layers being ^^^^^^ 
a article substrate (24, figure 3). In another embodiment, inserts 16 with a polycrystalline diamond cutting face 
for drilling rock formation are in parallel with cemented tungsten carbide cutters 45 for milling steel casing. 
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disclosed system requires three trips into the well, beginning 
with the creation of an initial window in the borehole casing, 
the extension of the initial window with a particular cutting 
tool, and the elongation and further extension of the window by 
employing an assembly with multiple mills. 

By integrating a whipstock into the milling operation and 
directionally orienting the milling operation to a more confined 
area of well casing, the number of trips required to effectively 
mill a window in a well casing have been decreased. A whipstock 
having an acutely angled ramp is first anchored inside a well and 
properly oriented to direct a drill string in the appropriate 
direction. A second trip is required to actually begin milling 
operations. Newer methods integrate the whipstock with the 
milling assembly to provide a combination whipstock and staged 
15 sidetrack mill. The milling assembly is connected at its leading 
tool to the top portion of the whipstock by a bolt which, upon 
application of sufficient pressure, may be sheared off to free 
the milling assembly. The cutting tool employed to mill through 
the metal casing of the borehole has conventionally incorporated 
20 cutters which comprise at least one material layer, such as 
preformed or crushed tungsten carbide bonded to a carrier, 
designed to only, mill pipe casing. The mills used for milling 
casing are not suitable for extensive drilling of rock formation. 
Once a sufficient window has been created, the milling 
25 assembly is removed and the drilling assembly is inserted into 
the borehole and directed to the newly formed window to drill 
earthen formation. Directional drilling is achieved by a number 
of conventional methods, such as steerable systems, which, when 
used, control borehole deviation, without requiring the drilling 
30 assembly to be withdrawn during operation. 

A typical system may use a bottom hole motor with a bent 
housing having one fixed diameter bit stabilizer below the 
housing and one stabilizer above the housing in combination with 
a measurement-while-drilling (MWD) system. Deviation is achieved 
3 5 by using the motor output shaft to rotate the drill bit while 
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employ a method and incorporate the requisite devices which would 
both mill a window in the original well casing and subsequently 
drill formation through the newly created window in a single 

step. , . , 

It would be desirable to provide a method and device which 

enables the milling of pipe casing and subsequent drilling of 

formation without requiring multiple trips. 

The present invention employs a dual-function cutting tool 
that is capable of milling pipe casing and/or liner and 
subsequently drilling formation. An exemplary cutter embedded 
in the cutting tool comprises at least a first material layer, 
such as cemented tungsten carbide, capable of milling pipe casing 
and/or liner and at least a second material layer, such as 
noncrystalline diamond, capable of drilling formation, the two 
layers being bonded together and to an insert body. The 
thickness and configurations of the material layers relative to 
each other and to the carrier vary and may include beveled and 
twin edge constructions which vary the cutting surface and 
improve the milling and drilling operation. 

The cutting tool body is attached to a bottom hole assembly 
that connects to the drill string. The cutting tool may be 
optionally attachable to a whipstock to integrate the packing, 
anchoring, and orienting of a whipstock with the insertion of the 
milling and drilling assembly, thereby eliminating the need for 
a separate whipstock placement trip. 

The milling and drilling process is conducted by shearing 
off the connection between the whipstock and cutting tool and 
directing the dual function milling and drilling assembly down 
the whipstock incline toward the well casing. After a window is 
milled through the casing, directional drilling can then proceed 
by any conventional method. The same cutting tool is used for 
both milling the casing and drilling the rock" formation beyond 
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some level (referred to as a liner hanger point) below the ground 
surface. Typically, either casing or liner is cemented in the 
well bore with a cement grout. Since both are steel pipe and it 
makes no difference for practice of this invention where the pipe 
is suspended, the pipe is referred to herein simply as casing. 

A preferred embodiment of an apparatus capable of practicing 
the method of the present invention is shown in FIG. 1. A bottom 
hole assembly 30 with a cutting tool 11 which has the capability 
of both milling well pipe casing 40 and drilling earthen 
formation 41 includes a series of tools 32-39 between the cutting 
tool U and the drill pipe 31, described in greater detail 

hereinafter. 

' unlike conventional cutting tools, the cutting tool 11 
employed in the present invention is multi functional in that it 
is designed to both mill pipe casing 40 and subsequently drill 
earthen formation 41. While the present invention is not limited 
to any particular design for a multi functional cutting tool 
capable of sequentially milling pipe casing and drilling 
formation, an exemplary embodiment of the cutting tool 11 is 

provided in FIG. 2. * 

in the embodiment shown in FIG. 2, the cutting tool 11, of 
a form commonly referred to as a drag bit, comprises a body 18 
with a threaded shank at the top (hidden in this view) for 
connection to a bottom hole assembly 30. The body 18 may be 
formed from steel or a tungsten carbide matrix infiltrated with 
a binder alloy or any other material used in the art. Extending 
outwardly from the base of the cutting tool body 18 are a series 
of arched projections or blades 20 which comprise the cutting 
tool surface and into which are -embedded inserts or cutters 16. 
Within the cutting tool body 18 are one or more passages ending 
in openings 19 through which drilling fluid may be delivered to 
cool the cutting tool surface and remove accumulated debris. 

In the illustrated embodiment, the inserts 16 comprise 13 
» diameter cylindrical bodies of cemented tungsten carbide with 
a layer of polycrystalline diamond (PCD) on an end face. Eacn 



10 



15 



20 



25 



30 



As an alternative to providing separate pieces of cemented 
tungsten carbide on the face of the blades for -"^ 
carbide can be provided on the face of some or all of the^PCD 
inserts. Such a layer of carbide can be used for milling steel 
casing, and after the bit enters rock formation, the carbide is 
e/oded away leaving the PCD layer exposed for drilling roc, 

shown in FIG. 3, such an insert 16 comprises material 
lavers 22, 23 which are bonded onto a carrier substrate 24 and 
then secured into the cutting surface of the cutting tool. As 
stated previously, the material layers have conventionally been 
designed to be mono-functional. The present invention Uses a 
£ st material layer 22 which is capable of ^^^^ 
such as 9 5/8 inch steel casing, bonded to a second material 
laver 23 which is capable of drilling earthen formation The 
Z o metal used in the pipe casing and the type of geo^ca 
formation being drilled determine the materials to constitute 

laver 22 and second material layer ZJ. 
^ Materials su" as polycrystalline diamond, polycrystalline 
cubic boron nitride < PCS*,, natural diamond 

r Ll^l 1 : - the- intended functions of milling m^O — 

« dri d Uin9 f r0 o C :e ^tT^Z^o Z -per 

knowledge of one skilled in • . ± and 

combination of material layers based upon the type 
geological formations being -countered. _ ^ 

if milling a 9-5/8 inch steel casing, a prererre 
of J ^en/invention e^loys a first 

o£ cemented tungsten carbide bonded « a «c=nd ma te~ ^. y 

23 „ade of Ruling grade of 

first material layer 22 but, relative t „ ae , ively Both 
tungsten carbide, it does not mill steel as *««*^ 
tungsten carbide and PCBN are preferred materials for the 
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and is dependent and determined by the expected wear profile. 
One preferred embodiment, shown in FIG. 5, employs a beveled 
structure where the first layer 22 substantially covers the 
second layer 23 and both material layers 22, 23 cover the face 
of the insert body. The beveled edge has an angle corresponding 
to the rake angle of the insert mounted in the bit body. This 
may improve the performance of the insert and minimize chipping. 
For directional drilling, a rounded insert profile, shown in FIG. 
6 can be used to attain sufficient side loading. Different 
geometries of insert may be used in the gage rows and in inner 

rows on the cutting tool. 

The cutting tool 11 is used in conjunction with a bottom 
hole assembly 30 which stabilizes the cutting tool, provides the 
motive force for rotating the cutting tool, and after milling 
through casing, direct ionally controls the movement of the 
cutting tool in rock formation. While components of the bottom 
hole assembly may be varied without exceeding the scope of the 
claimed invention, the bottom hole assembly is described in 
relation to an exemplary embodiment illustrated semi- 
schematically in FIG. 1. It will be recognized that the relative 
lengths and diameters of the parts of the bottom hole assembly 
may be rather different from what is illustrated. 

The bottom hole assembly 30 comprises drill collars 32, a 
rotatable shaft 33, a bottom-hole motor output shaft (not shown), 
bottom- hole motor 34, a bent housing 35, one or more stabilizers 
39 and a connector sub 37. The cutting assembly includes cutting 
tool 11 for milling casing and drilling rock formation as 
provided in practice of this invention, and a second milling tool 
49 above the cutting tool. The- cutting tool 11 opens a window 
through the casing in a well and the second milling tool enlarges 
and cleans up the shape of the window. A third milling tool may 
also be used if desired. The second and third milling tools are 
conventional watermelon mills or window mills. 

The cutting assembly connects to the bottom hole assembly 
30 by connecting to the rotatable shaft 33 .which, in turn, is 
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The bottom hole assembly can be connected to the W 
to both facilitate positioning and eliminate the »^»«^ «* 
separate trips for positioning the whipstock and xnxtxatxng 
mining and drilling operations. The cutting too 11 may be 
dieted to the top portion of the +^*£^f££ 
upon application of sufficient pressure, is sheared off, thereby 
^eleasTng the bottom hole assembly from its fix* U^on 
Illative to the whipstock and permitting it to proceed down a 
H h toward the pipe casing defined by the * 
Le of the whipstock. The connection between the bxt and the 
2 "slk may be hollow and/or connected via a port through the 
ZIy of the bit so that upon shearing off of the o-~ti». ^ 
S is opened and serves as a fluid port during the mrllrng and 

* ini Z ZltT<~ miUing casing and drilling adjacent roc. 
formation after a window is cut through the casing. 
us ed with a whipstock having ^^T^J^Z the 

rr«r ~~~~ - - 

with several different angles relatxve to the axis of 

1U1 sur face is about the same as the distance Dec 
S^tST^ - »d the second milling tool 

gol ng down the borehole «~ « tL 

whipstock with an angle of about 3 from mately che 

3 ° T £SCe f Th" bTrlolT It that elfvation'there is a short 
~ « stfrt 1 Below the kickoff surface the face of 
the whipstock reverts to a 3- angle. 
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3° portion of the cutting tool engages the 3- ramp surface 53 on 
the whipstock, and is further forced laterally into the casing 
and surrounding cement; gradually enlarging both the length and^ 
width of the window through the casing. The watermelon mill 
follows, cleaning up the window made by the cutting tool. 

As the center of the cutting tool approaches a point where 
it should be milling casing, the 15- portion of the cutting tool 
engages the kickoff surface 54. This tends to force the cutting 
tool laterally through the casing and surrounding cement ■ at a 
relatively rapid rate through the portion of the milling 
operation where the center of the cutting tool is cutting the 
steel of the casing. This is a part of the milling operation 
where the rate of penetration is relatively lower and is desired 
to proceed through this part rapidly. 

After the center of the dual function cutting tool has 
passed through the casing, the cutting tool engages the final 3- 
ramp 56 on the whipstock and proceeds to enlarge the window 
through the casing and extend further into the rock formation. 
Meanwhile, the second milling tool 49 continues to enlarge and 
clean up the window through the casing. 

Typically, in the past, the sidetracking operation has 
continued after the initial milling tool has passed through the 
casing to produce a short rat hole in the formation adjacent to 
the original borehole, which has sufficient length to accommodate 
at least the second (and third if used) milling tools, and 
usually a small additional portion of the bottom hole assembly. 
The prudent driller typically makes the rat hole deep. enough to 
assure that the subsequent drill bit will pass cleanly through 
the window. A typical rat hole is four or five meters deep and 
is not drilled deep enough to accept the entire bottom hole 

assembly. , 

The bottom hole assembly embodiment of FIG. 1 permits the 
exertion of directional control over the milling and drilling 
process. As discussed in RE 33,751, the offset of the cutting 
tool from center, created by the bend angle .of the bent housing 
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Further cutting of the rock formation outside the casing is 
usually undesirable since the conventional casing mill is 
designed specifically for cutting casing and is not particularly 
well suited for drilling formation. Certainly the milling tool 
would not be run into the formation more than fifteen meters 
beyond the bottom of the window, far beyond the usual depth of 
the rat hole. The casing mill wears rapidly in the rock 
formation and is not suitable for drilling to the next liner 
hanger point or true bottom of the well. At the point where a 
rat hole has been formed, a conventional casing mill would be 
withdrawn from the borehole and a conventional drill bit run in 
for drilling rock formation outside the casing. The conventional 
drill bit is not particularly well suited for milling casing and 
would, typically, have unacceptable wear when so used. 

in practice of this invention, however, the same drag bit 
is used for milling through the casing and for drilling rock 
formation to the next liner hanger point, for example. This is 
typTcally more than fifteen meters beyond the sidetracked well 
Zl much further than a traditional rat hole As the dual 
function bit drills further into the formation the 
and bent housing assembly are used for steering to provide 
directional control of the borehole being drilled Alterna-^ 
tively, steering may be provided by way of a steerable bottom 
hole assembly on a rotating drill string. 

Tan element with insets as described and illustrated 
in Fig. 3 are employed, when the inserts !6.have had the outer 
material layer designed to mill the pipe casing worn away the 
second material layer 23 designed to drill formation » 
The drilling of rock formation continues due to the -rotary 
Implication of the combined milling and drilling tool to 
formation for a desired distance beyond the length ^ of a 
conventional rat hole. The drilling of formation can con nue 
without requiring the re^val and/or ' £ 

assembly until the next liner hanger point is reached by 
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wear away in the rock formation end the PCD inserts take over the 

drilling operation. 

in an exemplary sidetracking operation, a window may be cut 
in a 9-5/8 inch casing and about 100 meters of hole drilled with 
an 8-1/2 inch drilling bit. A 7-1/2 inch liner is then cemented 
in the sidetracked hole, and a 4-1/2 inch bit used to drill 
further into the formation. Traditionally, two bits are used for 
milling the casing and drilling the 100 meter extension With 
this invention, a single dual function drag type bit with PCD 

L0 inserts may be used for both milling a window through the casing 
and extending the hole 100 meters or more through the formation 
for placement of a liner. _ 
in another embodiment, a layer of PCD may be formed on a 
carbide body. This is covered with a layer pf titanium nitride 

15 or titanium carbonitride which is used as the material for 

milling the steel casing. 

sLll another embodiment of insert, as illustrated in FIG 
7 . has what amounts to two cutting edges. A carbide body 24 has 
a lever 23 of PCD on an end face. A layer of carbide may be 

20 form er brazed over the PCD if desired, or the diamond layer 
ma 7be used for milling the steel casing. In this embodiment 
I„Le is also a ring or band of PCD formed in a circum ferential 
gr oove around the ' cemented tungsten carbide body. As this 
Lfcodiment of insert is used, the layer of PCD on the front f ace 

25 Ly wear and the additional band of PCD then serves as a second 
"tting edge. If desired, the edges of the insert may be beveled 
2 the rake angle so that the second cutting edge is exposed at 

the beainning of drilling. . 
The inserts described and illustrated herein have each 
30 featured a cylindrical cemented tungsten carbide body with 
y r =f --rial for milling casing and drilling rock formation 
on one end face. It will be apparent to those familiar with drag 
Z,7 that other types of inserts ^ ^ 
one popular type of PCD insert has a disk-like carbi* 
35 with a layer of PCD formed on one face. This disk of carbide 
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!. A method of drilling a portion of a well comprising the 

'"^introducing a dual function tool into a well bore; _ 
milling a window in well casing in the well bc~ wxth the 

du al function tool, including drilling a rat hole » formats 

adjacent to the well bore; and _ _ 

continuing to drill formation beyond the end of the 

with the same dual function tool. 

A method of drilling a portion of a well comprising the 



2. 

seeps of: 



Cueing a dual function tool ^^..^'^ the 
milling a window in well casing in the well t>o 

dual function tool; and • ^ ith 

j r jn formation adjacent to tne wexo. w 
continuing to drill tormati bottom hole 

srr rr " — 

20 the window in the well casing. 

A method of drilling a portion of a well comprising the 
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3 

steps of 



"facing a sidetracking whipstoc* in a wellbore; 

function tool into the well bore, 
ia "^i:^l ^ casing adjacent to the whipstoc* 

with the dual ^Uon tool^and ^ tQ ^ vell bore with 

continuing to drill tormati j whipstock 
th e same dual function tool beyond a lo=at>£ -here the wh P 
has an influence on the direction of drilling by 
function tool. 
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x continuing to drill formation adjacent to the well bore with 

the same dual function tool to the true end of the well. 

8. A dual function bit for milling casing in a well bore 
5 and for drilling rock formation outside the well bore comprising: 

a drag bit body; and 

a plurality of inserts in the drag bit body, each of the 
inserts comprising: 

an insert body, 

10 a layer of polycrystalline diamond material on a 

cutting face of the insert body, and 

a layer of softer material over the layer of 
polycrystalline diamond, the softer material layer having 
a sufficient hardness and thickness for milling through 

15 steel casing in a well bore. 

9. A dual function bit according to claim 8 wherein the 
layer of softer material is selected from the group consisting 
of polycrystalline cubic boron nitride, titanium nitride, 
titanium carbonitride, tungsten carbide or cemented tungsten 
carbide. 

10. A dual function bit according to claim 8 wherein the 
layer of softer material comprises cemented tungsten carbide. 

11. A dual function bit for milling casing in a well bore 
and for drilling rock formation outside the well bore comprising: 

a drag bit body; and 

a plurality of inserts in the drag bit body, each of the 
inserts comprising an insert body having a layer of 
polycrystalline diamond material on a cutting face of the insert 
body for drilling rock formation; and 

a plurality of cemented tungsten carbide cutters mounted on 
the body in parallel with the inserts for milling steel casing. 
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